Glasgow
ACCORDING to the original description (Thorson et al., 1954) , functioning carcinoid tumours may present the following syndrome:
(1) Malignant carcinoid of the small intestine with slow progression, and metastases in the liver and the intra-abdominal organs: the tumour secretes 5-hydroxytryptamine (5-HT) into the circulation and it has now been established that almost all the features of the syndrome are the result of its actions.
(2) Dependent aedema, frequent watery stools, borborygmi and abdominal pain were common symptoms.
(3) Generalized widening of the small vessels of the skin with, in some cases, telangiectases.
(4) Peculiar patchy flushing of the skin combined with pilomotor symptoms, plethoric coloration, and total or partial cyanosis in the absence of polycythiemia.
(5) Pulmonary stenosis of the valvular type and tricuspid regurgitation.
(6) Attacks of bronchial asthma of a rather unusual type. CARCINOID SYNDROME We have recently had the opportunity of investigating 8 cases of the syndrome (Table I) mencement of ward round), diet (tea, coffee or alcohol), pharmacological (histamine or reserpine), or mechanical (abdominal palpation or the administration of enemata). It was found impossible to influence the flushing by 5-HT antagonists such as brom-ortho-lysergic acid, or antihistamine agents.
Diarrhoea with or without abdominal colic may be one of the principal complaints of these patients (Sinclair, 1957) . Borborygmi are often audible at a distance. This raises the question of "pseudo-obstruction" in the carcinoid syndrome-how colicky abdominal pain and incessant augmented bowel sounds in the presence of an abdominal mass may erroneously lead to a diagnosis of subacute obstruction of the small bowel. This may prove even more deceptive in that, at operation, the bowel may show evidence of dilatation and hypertrophy of its muscle coats without true obstruction of its intestinal lumen by the carcinoid tumour. That these effects, clinical and pathological on smooth muscle, have been provoked by 5-HT rather than by true obstruction was well demonstrated by one of our cases in which the carcinoid was almost entirely outside the wall of the bowel in the mesentery.
Asthmatic-like attacks with respiratory stridor are also the result of direct 5-HT constriction of the smooth muscle in the trachea and bronchi; difficulty may be experienced by the anasthetist in inflating the chest to oxygenate the patient if   TABLE I.-CLINICAL MANIFESTATION, SITE OF TUMOUR AND URINARY EXCRETION OF 5-HYDROXYINDOLE ACETIC ACID (5-HIAA) IN 8 CASES OF THE SYNDROME Note that a high urinary excretion of 5-HIAA is not in every instance accompanied by severe symptoms; secondary spread (invasion locally, to glands or to the liver) had occurred in all cases. Pulmonary stenosis was proved in one case, and is clinically suspected in another.
Clinical
Excretion of Pulmonary showing these features in whole or in part. The more severe cases showed generalized flushing of the face, neck and trunk. The vasomotor changes were sometimes spontaneous but occasionally precipitated by such stimuli as emotion (com-an atack supervenes during an operation for the removal of a carcinoid. Occasional findings are cedema, which may variously arise from cardiac failure, obstruction of veins by a large abdominal mass, and as a result of antidiuresis; oliguria, rarely amounting to anuria; lesions like rheumatoid arthritis affecting the smaller joints in some cases; scleroderma and a higher overall incidence of gastric and duodenal ulceration. It is surprising that few of these patients show psychological abnormalities, in spite of the important role of 5-HT in cerebral function. Perhaps this is the result of the poor penetration of 5-HT through the blood-brain barrier.
CARDIAC LESIONS The development of cardiac lesions such as pulmonary stenosis and tricuspid regurgitation is an unexplained feature of the syndrome; right axis deviation may be the first abnormality seen, followed by a short systolic murmur heard best over the pulmonary area and confirmed by phonocardiography. Screening may later show avascular lung fields and straightening of the left border of the heart outline associated with enlargement of the pulmonary conus and right ventricular enlargement. Nothing further seems to be known of the origin of the endocardial lesions. Goble et al. (1955) reported that the concentration of 5-HT, which must be high in the portal and hepatic venous blood, remained very high in the right heart but fell to lower levels after passage of blood through the pulmonary circuit. They attributed the substantial removal of 5-HT from the blood in its passage through the lungs to the action of amine oxidase, and felt that the difference in HT concentration accounted for the higher incidence of lesions in the right side of the heart. These observations, however, have not been confirmed by Sjoerdsma et al. (1956, 1957) who found no difference between the 5-HT content of pulmonary artery blood and femoral artery blood. LABORATORY STUDIES 5-HT is eliminated from the body by oxidation to 5-hydroxyindole acetic acid (5-HIAA) through the activity of the enzyme, amine oxidase.
5-HIAA combines with a nitroso P naphthol to
give a purple-coloured substance which serves as the basis for a urinary colorimetric test (Udenfriend et al., 1955; Macfarlane et al., 1956) . All the cases examined by us were excreting vastly increased amounts of indolic derivatives (normal range 2-13 mg. per day; carcinoid tumours 20-600 mg. per day). Large numbers of indolic compounds (5-HIAA, indole acetic acid, indican, 2amino -3 -hydroxyacetophenone 0 -sulphate, tryptophan, probably 5-hydroxyindole acetic acid 0-sulphate) were all present; in the typical case, 5-HT itself is not usually present or detectable, nor is the precursor 5-hydroxytryptophan (5-HTP).
Despite rapid conversion to 5-HIAA, a high blood level of 5-HT was found in all the secreting cases. The level in the plasma rose during a flushing attack whether spontaneously produced or by the administration of reserpine which causes a relative depletion of 5-HT in the tissues and proves useful as a provocative agent in the non-secreting cases.
ROLE OF 5-HTP
In one exceptional case with multiple metastases, 5-HT and 5-HTP were both present in the urine in considerable amounts. This represents a valuable confirmation of the postulated route of formation of 5-HT, since in this subject's urine the precursor, active substance and breakdown product were present together, having presumably "leaked out" into the urine from a renal metastatic site. Dalgliesh and Dutton (1957) deduce that the tumour, and so presumably the normal argentaffin cells from which the tumour has arisen, must be capable of 5-hydroxylation of tryptophan. It follows that the major function of the argentaffin cells may not be the loc'al release of 5-HT but the manufacture of its precursor, 5-HTP for circulation to various other cells which decarboxylate it and turn it into the active hormone locally. This would account for the fact that though 5-HT is produced by different kinds of cells, no other kind of tumour produces excess of it.
An atypical case, such as this one secreting 5-HTP, may owe its unusual features to its unusual cellular composition; it has been suggested that some tumours are argyrophil rather than argentaffin in type . This unusual type of carcinoid may have osseous metastases, a brick-red flush, 5-HTP and 5-HT in the urine, and a high urinary histamine. The flushing attacks may be the result of histamine liberation in the tissues since they could be attenuated by treatment with an antihistamine; showed that 5-HT could release histamine in certain species and this may modify the syndrome significantly.
METABOLIC ASPECTS
The classical carcinoid syndrome may be modified in yet another way. It is now well established (Sjoerdsma et al., 1956; Smith et al., 1957) that the source of 5-HT is the dietary tryptophan. In some cases a very large proportion of the normal intake of tryptophan is diverted to meet the requirement of the tumour in the formation of 5-HT and this, combined with the diarrhoea often present, leads to considerable risk of tryptophan deficiency. Since tryptophan is the precursor of nicotinic acid, this becomes apparent as nicotinic acid deficiency or pellagra. It would appear that the tumour has a basic rate of production of 5-HT. Increases in available tryptophan on a high-protein diet may increase the rate of production slightly but not in proportion to the increased availability. The tumour draws, however, on all available circulating plasma tryptophan till 5-HT production is satisfied. Sjoerdsma et al. (157) have examined some of these points in detail; they found that the plasma tryptophan was low in carcinoids, even on a tryptophan intake exceeding 1,000 mg. and at a time when there had been no diarrhoea or change in weight. They also found that the urinary excretion of N'-methyl nicotinamide was lowest in the cases with the highest urinary hydroxyindole excretion. Studies with radioactive 5-HTP enabled them to estimate that some of those cases had a tumour pool of over 2,000 mg. of 5-HT, which is all the more striking when one recollects that serious pharmacological changes may follow the systemic injection of 1-2 mg.
TREATMENT Surgical measures may be employed in treatment and the anmsthetist should be forewarned of possible complications such as bronchospasm and hypotension, both of which may follow handling of the tumour. Surgical removal of the tumour (most functioning carcinoids are situated in the terminal ileum) may not be possible because of local fixity, and an ileo-transverse colostomy may have to be done as a palliative procedure. Any reduction in the size of the tumour, by local resection of secondaries or hepatic lobectomy, may help to reduce the 5-HT effects.
Most cases of the syndrome, however, are patients who have had a laparotomy three to five years previously and are treated by general medical measures to minimize the flushing, the diarrhoea and the bronchospasm. Chlorpromazine, brom-ortho-lysergic acid diethylamide (B.O.L.) and l-benzyl-2, 5-dimethyl serotonin hydrochloride (B.A.S.) are specific antagonists which should be given a clinical trial in each case. Probanthine may help to lessen the diarrhoea and aminophylline the respiratory distress. Phentolamine, dibenamine and ergotamine tartrate may also be tried. Pellagra and other vitamin deficiencies should be avoided by the administration of nicotinic acid by the parenteral route. If the plasma proteins are low, general improvement may follow blood transfusion.
Little improvement follows restriction of protein intake since the tumour forms an unvarying amount of 5-HT. Occasionally the consumption of tea, coffee and fat may trigger the flushing attacks and these may have to be omitted from the diet. Alcohol almost always provokes intense flushing.
Although the clinical manifestations of the syndrome have been recounted in some detail, only a few cases show all of those features. Though a rarity, the syndrome is an important one since the recognition of more cases will afford opportunity for the study of the physiological role of 5-HT-one should remember how much the study of another rarity, Addison's disease, contributed to the elucidation of the function of the hormones of the adrenal cortex.
DIsCUSSION
Dr. M. Sandler: Mr. Smith mentioned the group of atypical carcinoid tumours which Snow and I demarcated recently . These cases may be distinguished from the main group by a bright red, long-lasting flush, atypical histological appearance, osseous metastases and excess urinary excretion of 5-hydroxytryptophan, 5-hydroxytryptamine and histamine. As indole partition studies on urine obtained at bilateral ureteric catheterization ruled out the possibility of renal metastases in our patient, we consider that the unusual biochemical features derive from the secretion of 5-hydroxytryptophan by tumour tissue. (This has yet to be confirmed by direct observation.) Decarboxylation of this amino acid at sites other than the tumour would then enable a higher local concentration of 5-hydroxytryptamine to exert its weak histamine liberator action . Direct renal decarboxylation would be responsible for the high urinary content of 5hydroxytryptamine and any unchanged 5-hydroxytryptophan would spill over into the urine.
One of the case reports which we culled from the literature (Waldenstrom et al., 1956) did not state whether 5-hydroxytryptophan was present in the patient's urine or not. However, it has since been detected not only in this patient but in another similar patient studied by these Swedish workers (Pernow, 1958) .
Dr. H. G. Close and I have lately had the chance to investigate a further patient belonging to this atypical group (unpublished) . We considered her to be an extremely suitable subject on whom to assess any in vivo inhibitory action of phenylacetic acid on 5-hydroxytryptophan decarboxylase. Davison and I had previously shown that this aromatic acid metabolite of phenylalanine had an in vitro inhibitory action on this enzyme (Davison and Sandler, 1958) . After phenylacetic acid administration, not only was there a decrease in urinary 5-hydroxytryptamine and 5-hydroxyindole acetic acid, but this decrease was proportionately greater for 5-hydroxytryptamine. Because of relatively high renal blood flow, we consider that this was due to higher concentrations of phenylacetic acid exerting a greater inhibitory action on renal decarboxylase. Support is therefore provided for the hypothesis of direct renal decarboxylation of 5-hydroxytryptophan being responsible for increased 5-hydroxytryptamine output in the atypical carcinoid syndrome.
Dr. B. C. Morson: I would like to question Dr. Dormandy on the malignancy of these Peutz-Jeghers polyps. He stated that the small intestinaI type of polyp was not pre-cancerous, but thought the colonic type might be. Mr. Henry Thompson recently sent me polyps of the small and large intestine from a patient with the Peutz-Jeghers syndrome, and histologically the colonic polyp was not an adenoma; it was quite different from the adenoma found in familial polyposis of the colon and rectum which Dr. C. E. Dukes has shown to be quite definitely precancerous. In my opinion the polyps, both of the small intestine and colon, found in the Peutz-Jeghers syndrome suggest a congenital type of tumour or hamartoma.
Mr. H. R. I. Wolfe: I should like to ask Mr. Smith two questions about carcinoid tumours. They relate to a patient who was under our care during the last three years of his illness. He had severe oliguria associated with cedema which was sometimes widespread, sometimes localized and not always in dependent parts of the body. On occasions it was entirely confined to the thighs. Investigations by Professor C. E. Dent revealed that the patient was unable to excrete sodium under any normal circumstances, the twenty-four-hour output averaging 1 mEq. The only way to clear his cedema was by mersalyl injections and on two occasions when mersalyl was given the output of sodium immediately increased to 300 and 600 mEq. in twenty-four hours falling again within two days to the control level. Is sodium retention a feature of carcinoid tumours?
Towards the end of the illness the possibility of surgical alleviation of the severely crippled heart was considered but because the exact cardiac lesion was unknown the idea was abandoned. At autopsy it was found that there was gross endocarditis with incompetence of the tricuspid valve, and early pulmonary stenosis with thickening and rolling of the edges of two of the valve cusps. There was a small patent foramen ovale, the edges of the mitral valve showed early thickening and there was white capping of the papillary muscles. This case is unusual in that there was a small patent foramen ovale. What I would like to know is the exact nature of the cardiac lesion on the right side of the heart in cases with metastasizing carcinoid tumours and are these patients candidates for cardiac surgery.
Dr. Dormandy, in reply: In answer to the question whether adenomatous small intestinal polyps ever become malignant, I would say that following up all available patients who had been previously reported as cases of malignant polyps, I found that over periods of many years none proved clinically malignant. Of the 23 cases I have investigated personally, malignancy had been diagnosed in 5 more than ten years before they came under my observation. 2 eventually died of cancer of the colon and rectum respectively, but none developed small intestinal cancer clinically or had malignant small intestinal polyps at necropsy. There has been no case to my knowledge in which distant or lymph-node deposits have been found secondary to malignant small intestinal polyps, though there have been many cases of abdominal carcinomatosis. This leads to the second question-whether the large intestinal polyps of these patients are less liable to malignant degeneration than ordinary large intestinal polyps. It seems to me that carcinoma of the colon and rectum crops up with extraordinary frequency in families afflicted with the Peutz-Jeghers syndrome; 3 of the patients I have seen personally, died of malignant polyps in their large intestine. When patients with known small intestinal polyposis eventually present with abdominal carcinomatosis, it is often assumed that one of their small intestinal polyps has turned malignant. In all such cases that I know of, post-mortem examination revealed the true primary to be not in the small intestine, but in the colon, rectum, or, occasionally, stomach.
Mr. Adam Smith, also in reply: With regard to Dr. Sandler's remarks, one of our cases belonged to the atypical group described by him and the Swedish workers; the patient had a bright red flushing appearance, secreted 5-HT, 5-HTP and histamine, and had osseous metastases. The histology of the tumour was that of a non-argentaffin carcinoid. Many patients with these tumours excrete excessive amounts of uropepsinogen (they have a high incidence of duodenal ulcers), but we have found that their acid secretion varies; perhaps the acid estimation is affected by the strong motor contractions of the stomach leading to rapid emptying. With regard to the question of cedema, 5-HT has been shown by Hulet and Perera (1956) to cause sodium retention. Most often the cardiac condition seems to explain the occurrence of oedema. I think it unlikely that many patients will have cardiac surgery for pulmonary stenosis, since it tends to develop late in the disease. Historically there was early surgical recognition of the complications of side-to-side anastomosis with subsequent pouch formation (Cannon and Murphy, 1906) and possible ulceration and perforation. There followed the observation by Meulengracht (1929) that the clinical picture of pernicious anuemia might be associated with certain intestinal abnormalities, in particular benign strictures. While it is no longer possible to accept all these early cases of pernicious anemia as due to intestinal strictures, his paper undoubtedly stimulated work on the relation of anaemia to intestinal function.
In the early accounts the concept of intestinal auto-intoxication was predominant and, as early as 1920, Seyderhelm (1922) treated pernicious anvmia with ileostomy on the theory that bacterial poisoning might be responsible. In 2 out of 5 patients so treated he obtained a remission, with great improvement in the blood picture and gain in weight. A relapse which ended in death occurred following the closure of the ileostomy. The failure of this treatment in another patient was ascribed to the continuation of infection in the small intestine. These results were confirmed elsewhere (Dixon et al., 1925) .
In 1924, Seyderhelm and others were able to produce artificially a hyperchromic aniemia in a dog with an intestinal stricture, and related this anxmia, not to the degree of narrowing produced, but to the infection of the intestinal canal above the stricture which followed. Where this infection did not occur, no anemia resulted.
Other experimenters (Tonnis and Brusis, 1931, 1932) constructed in dogs blind loops which were arranged to fill by peristalsis. Anemia was produced and extirpation of the loop greatly improved the clinical condition. Life was prolonged by the giving of liver injections. Other experiments showed that the use of intestinal antiseptics such as trichlorcresol (Horster, 1935) greatly lengthened life and prevented the onset of loss of weight and anxmia.
It should be noted that the production of blind loops does not necessarily result in anaemia. Pearce (1934) confirmed in dogs that when the segment of intestine was so arranged that it emptied, the animal remained normal, and appetite and activity was unimpaired. Only when the loop was so arranged that it filled did symptoms appear of weakness, lethargy, and loss of weight, and unless the loops were resected the animals died. He reported no significant changes in the blood.
The most recent animal work has been that of Cameron et al. (1949) who, after forming blind sacs under certain conditions in rats, succeeded in producing a macrocytic anemia and confirmed and extended earlier experimental observations. They were able to prolong life and cure anaemia by using chlortetracycline and folic acid. Since some of their rats died without anemia, they emphasized that the deficiency must be multiple. All this experimental work may be summarized by saying that the production of intestinal blind loops, sacs or strictures may profoundly affect an animal, but only when stasis has been produced; that these effects include malnutrition, anxmia, loss of weight, and may terminate in death; that the effects may be abolished by extirpation of the blind loop or sac, or the resection of the stricture; and that improvement of the animal's condition may be achieved by intestinal antiseptics, more recently by antibiotics, and also by giving folic acid, liver injections, &c.
In human pernicious anamia, Castle's hypothesis, which fitted so many of the facts, might have been expected to destroy the theories which saw bacterial intestinal infection as in some way causative (Castle et al., 1930) . But Castle wrote prophetically: "Next to a defect of the original formative process within the stomach, the loss of the absorptive power of the intestinal tract, either mechanically or by way of bacterial invasion, or the destruction in the bowel of the effective principle after formation would be the most obvious ways in which a deficiency of the
